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TWO ASPECTS OF EARTH 2ENETRATION: MEASUREMENT
OF RESISTANCE TO BURIAL AND THEORETICAL
PREDICTION OF PENETRATION IN STRATIFORM SOIL

Prepared by:
Albert J. Faulstich, Jr.
Harold J. Herring

ABSTRACT: (U) Within the scope of the work conducted in the discipline
of controlled penetration in soils, techniquesn are outlined and
suggested which should help the investigator estimate the resistance

to penetration (soil factor) at a location in a few minutes using
portable equipment. Included is a compilation of soil penetration
data from various locations. Additional work has also been completed
which enables the researcher to theoretically predict burial lepths

of impacting vehicles in stratiform soil or earth.

U. S. NAVAL ORDNANCE LABORATORY
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TWO ASPECTS OF EARTH PENETRATION: MEASUREMENT OF RESISTANCE TO

BURIAL AND THEORETICAL PREDICTION OF PENETRATION IN STRATIFORM
SOIL

This report presents the results of the soil investigation and
prediction of s0il penetration phases of the work on the Advanced
Deatructor during Fiscal Year 1969. These studie: were conducted
within the Independent Exploratory Development (IED) Program at
the Naval Ordnance Laboratory, White Oak, Maryland under MATTASK
MAT-03L 000/ZF17 312 001 PA 065.
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Chapter 1

PROBLEM DEFINITION AND BACKGROUND

INTRODUCTION

1-1. (U) In recent years, there has been increasing interest in
earth-penetrating phenomena. Notable in this field is the work of
the Sapdia Labcratories, Albuguerque, New Mexico. The prediction of
the depth of penetration of vehicles and the subsequent control of
this depth has many applications, both civilian and military. Such
information would be useful in:

a. making rapid geological surveys
b. determining the effectiveness of buried explosive charges
c. deployment of certain land/shallow water ordnance

1-2. (U) At a particular test site, to accurately predict penetration
depth, it is necessary to accurately forecast a parameter known

as the Soil Factor. The Soil Factor is a measure of the resistance
to penetration and, rnaturally, may vary from location to locatiorn.

In lieu of conducting a full-scaie penetration test, in which all
parameters except the Scoil Factor are well known, it would be
Lhelpful to be able to predict the Soil Factor by completing a

simple test using portable equipment.

1-3. (U) The penatration test resuits reported thns far by Sandia

wore obtained using right cixcularcylindrical vehicles with various
nose configurations. But, when “terra-brakes” (appendages) are
introduced to retard psnetration, an additional technique may he
employed to adapt the present equations to this application. Likewise,
additional methods are necessary when such vehicles penetrate through
atrata of soils.

BACKGROUND

1-4, (U} Sundix Laboratories, Albugquerque, New Mexico, i= currently
involved in investigating the mechaniamsz Of earth pernetration.
Their research should culminate in an analytically determined
equation. In the meanwhile, C. W. Young of Sandia has published in
refesnce (a) empirical penetration equations based on a rather
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comprehensive test program of full-scale vehicles penetrating a
variety of targets (ref. (a)). The resulting equations are: For
velocities less than 2C0 feet per second (V< 200 ft/sec)

1

D= .535§ x[‘g]’ 1n(1+2v* 1075) (L)

and for velocities areater than or equal to 200 feet per second
(V>200 ft/sec)

D= .0031 S N[;VE]% (vV-100) {2)
where:
D ~ Total depth of penetration, measured along the

path, ft
~ Soil Factor, dependent only upon soil properties
~ Nose Factor, nose performance coefficient
~ Weight of projectile, 1bs
~ Prontal area of projectile, in?
~ Impact velocity, ft/sec

< HR2Z0n

The nose-performance coefficient is a function of the ygyeometry of
the nose. For the convenience of the reader, these ncae factors
are presented for various shapes in Appendix A.

1-5. (U) The Soil PFactor, S, is a function of resistance to pene-
tration of an object. Sandia reports refer to it as zn "index of
penetrability”. 1If a previcus full-scale test haz peen conducted
in the very immediate area, the results of that test may be used
to determine a soil constant {using formula (1) or (2)) which may
be used for additionral drops. t would be convenlent and helpfui
to be able to specify the goil factor after conducting just a
eimple test using portable equipment. Some typiczl values of

S are included in Appendix B.

1-6. (U) To investigate the behavior of a contrelled-penetration
vehicle, a technique must be developed to adapt equations (1) and
(2). These equations are for cylindrical bodies (descrited in the
intrcduction). A4 controlled-penetration venicle has "terra-brakes”,
appendages that increase the frontal {cross-section) area immensely:
they act like sarth-~drag-brakes. Figure 1-1 shows such a prototype
used in MOL's investigation. These vehicles are designated by

the code ADST.
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Chapter 2

SOIL INVESTIGATIONS

DEVICES THAT MEASURE FESISTANCE TO PENETRATION

2-1. (U) An accurate forecast of tha resistance to venetration at

& test site ig essential in predicting expected depth of burial

of test vehicles. Thare are available two means of directly measuring
this “resistance”, the Standard Penetraticn Testar (SPT) and the
Dyramic Cone Pernetromerer (DCP). Both work on the same principle,
essentially recording the number of blows from a fallirng weight
necessary to drive a rod through a given distance in the soil

(called the Blow Count). The difference between them is Zound in
their bulkiness and availability. The SPT is a standard piece of
equipment found world-wide wherever heavy construction is in evidence.
The results of a SPT may even be required in the local building codes.
This equipmant 2038 ita associated drilling accessories weigh several
hundred pounds and are truck mounted. The DCP is very portabie
weighing only about 30 1lbs and is hand carried and hand operated.

it is a Sandia Cevelopment (in its basic form) and has limited
distributicn.

2-2. (V) a. STANDARD PENETRATICK TESTER (SPT) - The Standard
Pen=tration Tester conmists of the following essential components
(see Fig. 2-1):

i. a harmer-weight (140 1b)
ii. the neceasary length of drill rod
1ii. a split spoon for recovering samples

The spoon is attached to tne drill rods and lowered to tiie bottom of
a drilled hole tha% has been cleared of locse mzterixl by an auger.
The spoon is seated in the bottom of the hole with a few blows of
the hammer-weight (vsuzlly about 6 inches). The test consiszts of
counting the number of biows of the drop weight yeguired to drive
the sampling spoon into the scii for a distence of one foot (some-
times recor’sd in one-half foot intervals). Tha weigit is 140 ib
and the height of the fail is 30 inches. The spoon bas zn 0D of
2 inches and an ID of 1 3/8 inches. A Zetnlled dascription of the
provedure is containsd ir reference (b;, as ASTN Test Designation
D15£6-54 T. Additionzl informaticn zmev be obtained frcm refelence (cl).
2-1
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2-3. (U) There is some correlation between the Soil F¢ tor in

the Sandia terra-dynamics work (ref. {a)) and the Blow Count of
an SPT. Figure 2-2 is based on data found in reference (a). The
data represents more than one class of soils.

2-4. (U) b. DYNAMIC CONE PENETROMETER (DCP) - The Dynamic

Cone Penetrometer is a simple hand held soil penetrometer similar

in many respects to the SPT, "a scaled down version". It is a -
development of the Sandia Laboratories, Albuquerque, New Mexico,

and reported in reference (d). The major components as depicted

in Figure 2-3 are: i

i. a 12 1b weight
ii. necessary one foot sections of % inch rod
iii. conical nose piece

2~-5. (U) The operational procedures of the DCP and SPT are different.
The DCP starts at the sucface and is driven into socil. The test is
stopped on._ to note the blow count each foot and/or to join
additional sections of rod for further penetration. This differs
from the SPT which is placed in a predrilled hole and must be ex-
tracted after each foct of testing to remove the soil sample from
the spoon.

2-6. (U) The NOL investigators were able to extend the use of the
DCP from a recommended 5 ft to a 10 ft depth without noticing any
unsatisfactory performance, provided that no more than 4 feet of
sections are above the ground at any time. The use of the DCP is
a one or two man operation, and requires akout five minutes to
obtain a set of readings at one site hole.

SOIL FACTOR DETERMINATION FROM DCP TESTING

2-~7. (U) In the process of evaluating prospective drop test sites

for the controlled-penetration vehicle, a large sampling of DC?

data was collected. This data covers a variety cf natural earth

topography: sand dunes, marshes, rice paddies, fields, etc. The

locations are in Southeast Asia and the eastern section of the .
USA. This information is presented in Appendix C.

2-8. (U) The one interesting phenomenon, uncovered during the survey )
of test sites, concerned marshes. It would seem reasonable, at

first thought, that wet soil is soft land. This is true. Yet,

what keeps the water from draining off? One answer is the harder

bottom found underneath each marsh visited. The marsh may be like

a bog or quagmire for three to eight feet, kut then it hardens

up promptly &nd forms a denser pan to hold the water.

2-2
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2-9, (U) In a recent test at the Naval Ordnance Laboratcry Test
Facility (NOLTF), Solmmons, Maryland, the opportunity arose to
conduct SPT ard DCP tests side-by-side. Some correlation does
exist between the "Blow Count"” of the Dynamic Cone Penetrometer

(DCP) and the "Blow Count" of the Standard Penetration Tester (SPT).

These results are presented in Figure 2-4, "Three least square
straight line fits are also sketched in. The equations of these
lines are:

1. all-points: (SPT) = ,539+.506 (DCP) (3)
2. high-points: (SPT) = 4.63+.377 (DCP) (4)
3. low-points: (SPT) = 2.13+.265 (DCP) (5)

The Soil Factors, obtained from Figure 2-2, have also been in~
cluded along the ordinate axis. Thus, correlation between the
DCP testing in this field and the Soil Factor can be demonstriated.

2~10. (U) Figure 2-4 has been used in obtaining Soil Factors for
theoratically predicting penetraticn depths. These predicted
depths agree closely with actual data in tests. This will be
covered fully in Chapter 3.

2-11. (U) It is interesting to note that the slopeof equation (5)
is about what is predicted from theoretical considerations for
the ratic of penetration of the DCP to SPT. If we let subscript
D pertain to the DCP and S to the SPT and make the ratio Dp/Dg,
one obtains:

a. using conservation of energy

wol"

BB= Np :_.D " 25 (6)

Dg  \Ng) MWgT% wg (hs . ’
Ag ?;""

b. considering the system from the point of view of

an inelastic collision ¢ 4 ¢ 1
W % w |2
D D
bp . /Np\ Ao} | hp (7)
Dg \ N5} [wg- rwaé’ fis ) °
bAS, ig
2~3
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where: w ~ weight of 4Arop weight
W ~ weight of total system

h ~ height of fall of weight

Using values for typical configurations of each penetrometer,

™ _ hp . Ap = .442 in?
N— - = .
s Bs Ag = 1.65 in2
Wg = 140 1bs wp = 12.5 1bs
W, = 218 lbs Wy = 17.5 1bs
YS = .642 YD = ,714
Wg Wp
We ob*ain: Dp
from equation (6) Dg = .24
and from equation (7) D
D= ,27
Dg

UNDERWATER MOD OF DCP

2-12. (U) Since the Laboratory is interested in predicting the degree
of burial of a vehicle when it impacts on the bottom of a body of

water, the DCP has been modified for underwater use. The instrument
would be op=arat2d by divers. The scheme is presented in Figure 2-5.

2-13, (U) The height of fall (of the droo weight) has been increased
such that the maximum force ocutput when the weight s;rikes the
pumper is the same underwater as experienced in air. This increase

in height "compensates" for the water's viscous drag acting cn
the drop weight.

2-14, (U) Typical results of testing the DCP in air and water are
(in pounds):

HEIGHT OF FALL
1.0 ft 1 ft 2 in
In Air 200-208 —
In Water 180-185 200-208

The additional height needed is 2 inches,

v e o - e

*This should result in some corre&spondence between underwater testing
and dry testing. -4
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2-15. (U) This modified DCP has not been employed in any actual

underwater tests yet, but the authors are confident about its
success.

FUTURE WORK

2-16. (U) The correspondence between the Soil Factor and the SPT
blow count for a variety of soil types and the success with our
limited testing indicates that additional testing may yield a
correlation between the DCP and the Soil Factor for dissimilar
soils over a spectrum of soil hardnesses. The authors realize
that this is just a beginning, but the results seem to indicate
that further testing at harder sites and in different soils will
permit refinement of the present results and preparation of a

mathematical expression for the relationship between DCP blow
count and Soil Factor.

2-.-5
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Chapter 3

CONTROLLED PENETRATION INVESTIGATIONS

INTRODUCTION

3-1. (U} The NOL investigation of ground penetrating vehicles is
urigue, in that the Laboratory ie interested in minimizing the
penetration of the vehicle bheyoné its submerged depth. A particular
design of a controlled-penetration vehicle is shown in Figure 1-1.
It has a conical nose {(1/d = 3) and drag plates (called "terra-
brakes") attached to the tail. The conical nose allows "effi-ient”
ground penetration to the submerged depth. At this point, the
“terra~brakes" greatly increase the drag on the vehicle and retard
its further travel.

3-2. (U) To design such a vehicle, the designer must determine
parameters such as "terra-brake"” surface area, nose shape, etc.

It would be helpful to know how these parameters affect the total
performance of the vehicle. The penetration eguations, developed
by the Sandia Laboratory, (see ref. (a)) are the key for develcping
such an analytical tool.

CONTROLLED-PENETRATION VEHICLE ANALYSIS

3-3. (U) Por drops into a homogeneous soil, {constant soil factor)
the performance of the controlled-penetraztion vehicle must be
analyzed in two parts: before and after impact of the "terra-
brakes". In part one the controlled penetration vehicle behaves
iike a projectile with an "efficient" nose, and no "terra~brakes"
(see Fig. 3-1). Such a vehicle would penetrate to a depth D,
calculated using the Sandia equations. The velocity, V2, at

the point of full penetration (the point of impact of the "terra-
brakes") can be calculated as follows:

V2 = Vl‘l i - Tél) (8)

* Ratio of nose length to major diameter,

3-1
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where: VvVl
T(1)

impact velocity of nose
length of projectile, to the "terra-orakes”

3-4. (U) A parameter defined as the "equivalent area", Ag, must be
calculated for parct twe ot the analysis. Consider a hypothetical
proiectile which has « flat nose. The area of this flat-nosed
projectile must he such that it will nenetrate to the same derth
a8 the "effiecient-nosed" vehicle, all other paremetere remaining
constant. Mathematically, this area is:

2
= N3 )
Ap = A (~NI_) (9)

whern:
A = crogs-sectional z-ea of controlied-penetration
venicle
Ny - shape factor for the “"efficient” nose
(1.32 for a 3 to 1 coniccl nose)
NZ - shape factor for the flat nose

3~5. {U) When the "terra-brakes" impact the surfac., several
parameters change, and part two of the analysis lregins. At this
peint, the vehicle is considered to be a new, flat-rosed projectile,
traveling at a velocity, V2. The frontal area, E, ©f the projectile
is the "equivalent area"”, Ap, added tc the "terra-brake"” area, X.
E=Ap + X (10)
With these parametere, the penetration, D', of the flat-nosed
vehicle beyond its submerged depth is calculated. This penctration

is conzidered to be the same as that of the controlled-peretration
vehicle.

PENETRATION INTO STRATIFORM SOIL

3-6, ({U) Field tests have shown that the soil hardness varies at
different depths in the ground. 1In this situation, it is necessary
to consider the changing soil characteristices to more accurately
analyze the performance of the controlled-penetration vehicle.

When the soil factor changes considerably, as in marshes, meaningful
data could not be obtained using the analysis for homogeneous socils.

3~7. (U) The aralysis of the periformance of the controlled-penetratior
venicle in stratiform soil is long and tedious, especially when
numerous layers exist. Fortunately, it is psssible to program the
analysis and have the computer perfiurm the computations. Such a
program, writter in the BASIC languzge, is presented in Appendix D.
It is accompanied by a flow chart to help familiarize the readey with
3-2
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the lcgic and operations of the program. It calculates the psre-
tration of the controlled-penetration venicle with "terra-brakes”
and for comparison, without “terra-brakes™.

ANALYSIS OF PENETRATION INTO STRATIFORM SCIL

3-8. (U) The analysis of penetratiocon into stratiform soil must be
divided into steps, which will be called events. An event wili
occur when the nose or “"terra-brakes" encounter a new lay~r.

The event number will be indicated by the index K.

3-9. (U) Event one is the nose hitting layer one. The penetraition,
D(1), is calculated, using the appropriate Sandia equatior anrd
assuming that no "terra-brakes” are attached tc the projectile

(see Fig. 3-2). This datum is needed to calculate the velocity,
V{2), when event two cccurs. This velocity is calculated, using
equation (8}, where T{i) is replaced by the distance between events
one and two.

3-10. (U) Event two is either the nose enccuntering layer twc, Or
the "terra-brakes™ impacting the ground. Since the computer

"knows” the layer thicknasses and the dimensions of the vehicle,

it can determine what event two, and subsequent events wiil be.

If event two is the rnuse enccuntering layver two as shown in

Figure 3-2, the computer cziculates D(2), the penetraticn of the
vehicle ceyond layer orne. It uses the velocity, V(2), just cal-~-
culated and the Soil Pactor, S{2), of layer twc foxr this calculation.

3-11. (U) when the “terra-brakes“ impact the ground, as occurs

in avent three of Pigure 3-2, the effective nose shape of the entire
venicle, and the frontal area suddenly change. &K parameter defined
as the "equivalent area”™ must be calculated to define this new
frorntal area as discussed previously. The "equivalent area™ for
the analysis in stratifcrm soil can be Zescribed by considering

two hypsothetical projectiles. The first has a nos2 and cross-
sectional zrez the same as the controlled-peretration vehicle.

It is considered to act in the same type of soil, 5(I), beirng
penetrated by the nose of the controlled-peretration venicle at
the event beiny considered. The second has z flat nose of area,
Ap, and acts in the same type of scil, S(5), as the "terra-brakes".
The area, Ag, Jdefined as the "2guivaient area®, is such that the
vehicles will penetrate the same distance, all other paraméters
being the sz2me. Mathematically:

2
a. = A Nz} [S Jﬂ? (11)
l 5 s{3)
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where
S (J) = soil factor of layer encounitered by "terra-
brakes"
S(I) = soil factor of layer encountered by the nose

3-12. (U) The'"equivalent area", Ap, added to the "terra-brake" area,
X, constitutes the total frontal area of the flat-nosed conr¥iguration
for ovent (3) (see equation (10)). Using the soil factor, S(1},

for layer one, the penetration, D(3), of this configuration is
calculated. The program determines the type of event (4), recal-
culates the "equivalent area" and velocity and uses this data to
calculate D (4), the penetration of the nose beycnd layer (3). This
iteration process continues checking for the proper sequence of
events until the projectile comes to rest hetween events.

3-13, (U) Information about the soil being penetrated is entered

into the computer using statement 920. The format of this stateme:t
is:

920 DATA Z, S(1), M(1), s(2), M(2),....5(2), M(2Z).

M(Z), the thickness cf the last layer, nust be sufficiently large
to insure that the projectile will not penetrate beyond that layer.

DISCUSSION OF RESULTS

3-14. (U) Two test drops into stratiform soil have been made with
the controlled-penetration vehicle. The physical characteristics

of these vehicles and the results of the tests are list . in

Takle 3-1. Theoretical values of penetration were calculated using
the before mentioned program and are compared with the actual test
rusults in this Table. These theoretical results fall within

about 12 percent of the actual test results. Before any conclusions
can be made with this data, two factors affacting the theoretical
results must be discussed.

3-15. (U) As indicated in reference (a), the accuracy of the Sandia
equations is "strongly" dependent upon the accuracy with which the
scil factor is determined. 1In their testing program involving

about 200 drcps, they experienced an error in depth prediction ex-
ceeding 20 percent in 9 percent of the tests and exceeding 25 percent
in less than 1.5 percent of the tests.

3-16. (U) A second factor affecting the predicted value of penetration
is the number of layers which are considered in the analysis. Each
time the program performs an iteration to consider a new layer,

the value of penetration becomes inflated. This effect is demonstrated
in Table 3-2. In run #1, one infinitely thick layer is considered

3-4
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and the depth of penetratior is calculated. In run #2, the soil
factor does not change but the program recalculates the velocity

of the proj=actile at four fcot intervals and determines the pene-
trations from each of those points. The total penetration for

run #2 is 4.9 inches greater than for run #l. For one foot intervals
(run #3), the penetration is inflated by 7.6 inches over run #l.

3-17. (U) With these considerations in mind, the designer must use
some discretion in preparing the data for this analysis. It is
preferable where feasible to consider drops into a homogeneous
soil. If the soil facter changes only slightly, the number ¢f
layers considered should be kept at a minimum, or an average value
of soil factor shculd be used. For the two tests reported in

Table 3-1, two layers were assumed to exist to theoreticallv deter-
mine the penetration of the AD3T vehicle. The one foot thick layers
were grouped such that the soil factor of each group of layers
differed by about unity. If the change in soil factor wculd have
been greater, more groups or layers would have been considered in
the analysis. It is also important to note that the harder the
soil, the more sensitive will be the penetration tc a change in
soil factor.

3-18. (U) Future field tests with the controlled penetration vehicle
should allow Ff-r:

a. corrections to be made in the analysis to
eliminate the problem of the predicted penetration becoming in-
flated after each iteration, and

b. the a2bility to more accurately determine the
soil factor.

These two improvements would help to increase the accuracy with which
the penetration of the controlled-penetration vehicle could be
determired.

3-5
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TABLE 3-1

CONTROLLED PENETRATION VEHICLE, TESYT RESULTS

Physical Characteristics:

Nose Shape Factor, N1 1.32 (conical ncse, 1/3** =3)
: Diameter (max), D 10.843 in

Length to "“terra-brakes", T(1l) 73,861 in, 6.155 £t

Length, to Tail 80.4534 in, 6.704 ft

Area of "ierra-brakes"”, X 272 in®

Weight 675 1bs

**Ratio of nose length to major diameter

3-6
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TABLE 3-~2
EFFECT OF THE NUMBER OF LAYERS ON THE THEORETICAL RESULTS
(FOR ADST VEHICLE)

Impact velocity of nose (ft/sec) = 350
Impact velocity of terra-brakes (ft/sec) = 297.377

RUN #1
Layer No. Soil Factor Thickness (ft)
1 8 100
Pene. To Tail, with terra-brakes (ft) = 3.64261
Pene. To Tail, W/0O terra-brakes (ft) =15.4281
RUN #2
Laver No. Snil Factor Thickness (ft)
1l 8 4
2 8 4
3 8 100
Pene. To Tail, with terra-brakes (ft) = 4,05454
Pene. To Tail, W/O terra-brakes (ft) = 17. 3956
RUN #3
Layer HNo. Soil Factor Thickness (ft)
1 8 1
2 8 l
3 8 1l
4 8 1l
5 8 1
6 8 1
7 8 1
8 8 1l
9 8 1
10 8 1
11 8 1l
12 8 100

Pene. To Tail, with terra-brakes (ft)- 4.27103
Pene. To Tail, v//O terra-brakes {ft) = 18.1301
3~8
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CONFIGURATION

K

FOR PART 1

F"‘--'T_\_\‘/—'"TERRA-BRAKES" (REMOVED)

— -

CROSS-SECTIONAL AREA, A,

%

'EFFICIENT®
NOSE CONFIGURATION
FOR PART 2
) 4
\
/ f
FRONTAL AREA, E = ] FLAT NOSE
*TERRA-BRAKE" AREA, X | (N =0.56)
+ "EQUI. AREA", Ag by
§
i
|
L]
\\ ‘l
V!
v/
!
\

D

L\

FIG. 3-1 ANALYSIS OF THE PENETRATION OF THE CONTROLLED~
PENETRATION VEHICLE INTO A HOMOGENEOUS SOIL,
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CONFIGURATION
FOR EVENT 1.
————= "TERRA-BRAKES" (REMOVED)
L_.-‘ / ._._\"/

L
CROSS-SECTIONAL AREA, A,
() EVENT 2 TAL
r"x“-"r‘\/
L A
CONFIGURATION
FOR EVENT 3.
[N 7\ BT
\ ; i
"EFFICIENT"
MOSE } i [ \
Z [ |
AREA, | | I
) A1 {
L = % [ {
P {
I I
y ¥ J‘_ L J %
1 \ | i |
() Vo
@) \ \
L@ Y \/
\/
| ¥
‘ FRONTAL AREA, E =
"TERRA-BRAKE® AREA, X +
EQUI. AREA, Ag.
MOSE SHAPE FACTOR =
&) 0.56 (FLAT NOSE)
L«f)
T \

FIG. 32 ANALYSIS OF PENETRATICN OF THE CONTROLLED-
PENETRATION VEHICLE INTO STRATIFOPM SOIL,
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APPENDIX A

Nose-Performance Coefficients
(Based on 6.0 CRH** Tangent Ogive as 1.0)

Nose Shape Coefficient
Flat nose 0.56
2.2 CRH tangent Ogive 0.82
6.0 CRH tangent Ogive 1.00
9.25 Tangent Ogive 1.11
12.5 CRH Tangent Ogive 1.22
Ccne, 1/a* = 2 1.08
Cone, 1/@ =3 1.32

Conic step, cone, plus cylinder plus cone 1.28

Biconic, 1/4 = 3 1.31
Short inverse Ogive, 1/d = 2 1.03
Inverse Ogive, 1/4 = 3 1.32

*1/d4 is the ratio of the nose length to major diameter.

**Caliber Radius Head

A-1
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APPENDIX B

Physical Description
of TLocation

cemented dry lake hed

ice, glacier

average sod covered field,
clay soil

sand dunes, moving

first few feet of soze in
a marsh
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APPENDIX C

DYNAMIC CONE PENETROMETER READINGS FROM VARIOUS
WORLD-WIDE LOCATIONS FOR VARIOUS
TYPES OF TOPOLOGY

Data Marked With (*) is Courtesy of:
Mr. Ted Botner
Sandia Corporaticn/
Defense Communication Plarning Group (DCPG)
U. S. Naval Obuserxvatory
Waehington, D. C,

C-1
UNCLASSIFIED

iyt AL

T v ad T BN




e e SR e b PN O - o aine
T o i L e o T e i e R e e T S AT LTSIV N Ve, VAL €

)

3 UNCLASSIFIED

E - NOLTR 69-116

E INDEX

£ Southeast Asia

';:,‘ ': Thailand * * L2 . [ J . - L] . L . L4 v . L] * L] * Ll - L] [ - L 4 > c-3l c~4
i

g United States

- Aberdeen Proving Ground, Maryland . . . . . . . . . , . . C-4

E Aberdeen Proving Ground Annex, Maryland . ... ... . . C-5

£ Defense Communications Planning Group, Washington, D. C. , C-5, C-6
' EdiOOd Ar’enalg MB.I'YIand » Ed . . . . . . o . . . . . L) v C~6

i Eglin Air Force Base, Florida . . . .. . . ¢ .. . . . . C-6

j knge 8-70 L] L] * L] . * L] * Ll L d L] L d L4 L] * * L . L3 L] * . C-.G' C-7
i § " 3-75 L] . . * * L] * L] . L d L] L L . . - L] * [ 3 o - . c-7’ C-8

: " c~72 * L L] L d L] N Ll * * L] . . - L] L3 L] L3 Ll * o » . C-B

i‘ Ft. Belvoirl Virginia L 2 - * * . * - L 4 * * . L ] - Ll * * - L4 c-e

=§ % National Aeronautics and Space Administration.

'f ' Wallops Island, Virginja . . . . . ... ... .. . . C-8

1

% f Naval Electronics Systems Test and Evaluation Facility,

= Webster Field, Maryland . . . .. .. ..., . ... .C-9

S Naval Ordnance Laboratory, White Cak, Marylard . . . . . . C~9

=

;- Naval Ordnance Laboratory, Test Facility, Solcmcns,

‘ mryland ® - Ld . * L] ] . [ ] L] [ 3 . ® > - * » - L] - Ll *® c-gl c-lo
3 J. S. Naval Facility, Lewes, Delaware. . . . . « . . . . . C=-10, C-11
Q J. 5. Navy Zxvlosive Ordnance Disposal Facility,
F: Stump Neck, Maryiand . ., . ... .. ... .. .C-11
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APPENDIX D

LIST OF PARAMETERS FOR COMPUTER PROGRAM H7H 438

CROSS-SECTIONAL AREA OF PROJECTILE. {IN?)

LENGTH OF "TERRA-BRAKES" . (FT)

DIAMETER OF PROJECTILE. (IN)

PENETRATION OF PROJECTILE AT EVENT K. (FT)

"TERRA-BRAKE" AREA, ADDED TO "EQUIVALENT AREA" AT EVENT K. (IN2)
DISTANCE FROM SURFACE TO LAYER I + 1. {FT)

THICKNESS OF LAYER I, (FT)

NOSE SHAPE FACTOR FOR AN "EFFICIENT" NOSE. (1.32 FOR 3 TO 1 COM CAL NOSE}
NOSE SHAPE FACTOR FOR A FLAT NOSE. (0.56)

DISTANCE FROM "TERRA-BRAKES"™ TO THE NEXT LAYER THEY WILL ENCOUNTER. (FT)
DEPTH OF PENETRATION OF PROJECTILE. {FT)

SCIL FACTOR FOR LAYER 1.

DISTANCE FROM NOSE TO THE NEXT LAYFR IT WILL ENCOUNTER. (FT)

LENGTH OF PROJECTILE, MEASURED TO "TERRA-BRAKES" . (FT)

IMPACT VELOCITY OF NOSE. (FT/SEC)

VELOCITY OF PROJECTILE AT EVENT K. (FT/SEC)

WEIGHT CF PROJECTILE. (LBS)

SURFACE AREA OF "TERRA-BRAKES” . (IN2)

DZPTH OF PENETRATION OF PROJECTILE. (FT)

NUMBER OF LAYERS.

ABBREVIATIONS
.°. — THEREFORE
CALC — CALCULATE
EQUI — EGUIVALENT
PENE — PENETRATION
PROJ — PROJECTILE

VEL — VELOCITY
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I ] t=m,n<=fmz ]

! {__CALC. PENE., D (K}, USING S (1), A& NI | cz;gc. VEctR (wu)m NOSE
2 HITS LAYER (141), USING D)

NO, .:
EVENT (K+1)JOCCURS

1S
DK <=M (i)

NG, .: EVENT (K*1) IS
NOSE HITTING LAYER (1+1)

1S
PaM {l)

YES, .:
PLATES

EVENT K+1) IS
HITTING LAYER ()} YES, .: PROJ.}STOPS
BEFORE
EVENT (K+1)§ CCCURS

15 N YES, .: PROJ. STOP® BEFORE

. < ' 13 : .
D KI=P FVENT (R+1) OCCURS. ${_PRINT DEPTH OF QE%E—]
NO, .: L EVENT K +1) OCCURS

> [ CALCFQUIL AREA", Ap |

Ve o oty LRI MG S\ D9

{  CALC. VEL. WHEN PLATES HIT LAYER () |

| CALC. PENE., D K), USING S (J), E (), & N2 |

g
3 CALC. T

: J=J41 lm—e P=M () kNO

PLATES ENTERING LAYER (J¢1)

AP 9o g

ko b W, 1 AT R

ntn

, .z EVENT (K+1) IS

CALC. VEL, WHEN NOSE YES, .: EVENT ;
. HITS LAYER (I+1) K1) OCCURS., PROJ. STO®S
BCFORE
- =41 EVENY K+ D)
P . OCCURS
A [ CALC.EQUI. AREA, Ac ] NG, .:| EvENT Ko
L & IS} NOSE HITTING
= [CaLC. PEnE, D (), USING S 0, £ (), B N2 | LAVER (I*13.
3]

3 CALC. P

. YES, .: EVENT (K+1) IS

o FLATES HITTING LAYER (J*1)

{ - INDEX INDICATING LAYER THAT NOSE IS TRAVELING IN
J - INDEX INDICATING LAYER THAT "TERRA-BRAKES™ ARE TRAVELIMG IN

X -INDEX INDICATING EVENT NUMBER
FLOW CHART FOR COMPUTER PROGRAM H7H433
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COMPUTER PROGRAM H7H 433
DI €722, 4C39),L(99),NC(973,9(99),E(99)
L7f LEMys?
~NFAN 2

Fl 12 ) 2 7
2LAD 1, (S)

193 LET LOI3eLel-1)o%C])
149 NEST 1
179 MEAD 98424 3sTC1Y 0 VapoW(s2
143 LET Axyelaedri/za
120 LET €29
203 LET ve)
210 LET f»1
220 LET vay
235 LET PeTd-Y
24) 1IF YN <2)) TWHER 28)
297 LET 0(X)I9.03310S(2 204100 U/AY 1. 50(V(X3-10))
2492
279 CII™ 293
280 LET DIM)raS305C ) oNI0CI/7A)#.S0LIG(1.09D20%(X)*2)
290 15 Paav(f) INEY 242
33D tF DIXI«nv{l) THEN 92
310 LEF (ot(l)
_ 320 LET VKo1)o (RIeT-7LII/DC(K] 385
4 33 LET Ws<e}
3 349 LET teleg
3 359 3313 230
357 LET S3
2 - 330 IF D(X)~=2 THEY 793
3 38D LET Ysye>
= 39 LET Tslcl)-v
- A0 LEY ECKeIIaRe(SIID0,.56/(SCEISXIDII 024X
418 LET ViKel)ayl¥IeCl-P/7DIK237.5
23 LET xaey
233 LEY EsCe}
26D IF T»3 THEY 450
4%3 LET Gsv(x}
440 IF Y(KI«200 THEY 49D
270 LET O(KIneDDII 0SS 05400 V/EEKI) v.50C7tXI~10D)
a?) G212 5))
49D LET DERIRs530S( I aeI5CU/TANIIT S DTLI +oCONDI22VINI¢2)
$33 IF %(JirsT IVEN 530
s10
- $20 LET P2t
3 $30 LET JrJel
4 5e3 Gar2 310
g 959 IF DCX)<=xT TWES 705
- S50 LET WEReTIev(KIel3=T/0CKII?.S
$T9 LET Yer(l?
- $2) LET Islet
- $99 LET Xs<el
F £09 LET E(XIASCSCIIS.S47CSIII0%¥1I) 120K
1 610 IF VXD <20 THEY 545
| 620 LET U(X)I2.003103£I)0:S63CL/EIXII 230 CVINI~TDD)
- £33 GIT3 459
- 623 LET DEXIreo$39SCII0.SGOCU/ECNIDT 501 T35 C10.053020UCI 02)
3 (3]
S 659 LET Pele)eT(e) Y
e - 6§13 CF MCLIrxP IMTY 537
3 €83 LEY Tewip)
i €90 GETI 5%
> 120 PIIST “IPALT VE. OF WISE (FT/SECIe~V(I3
710 PREST “EMIALT VEL. OF TEQRA-FAKES (FT/EECYe™2
5 129 PILVT
X R 139 PIUIT “LATEL 27,3200 FACTII7,“THITCIERS CF 1)~
fg‘ : 743 PIINL “eccccncoe®, Paccorcccnca , Sanccacancnnces™
SEEN 159 FO 129 T2 2
: : 760 PAUST 1.5C1¥,mC12
< 7710 NEXT 1
L IRY P
- 790 LET 40
- 830 LET fst
e 810 IF V(1)<20% THEY fa)
- 220 LET OCE>eadD31 5C2° sMi0CI/AI L. SeCV(LI~19D)
T K30 GIIS 20
e el LET DCIBeaSIoSCIIoN] eC/ASeaSoL 350t oYM T2ouET Y e2)
a - R IF TCIYeaaM(IY TIES 92D
A €45 LET [afen(D)
e & 870 LET V(Ie3levCidoli=-N(s2/D(LIr.5
E 85) LEF falet
b % 29y GOT2 K10
., 2)) PREST ~PESE. I3 IAIL, €ITH TEICA~1GAKES LFT1e"roO(CI~T(1) -9
- ; 91D PRINT “PESE. TI TAIL, 27Y TF2I3133¢F . 7587192 (1)2TLN3Y
SO €20 OATA 2.7.%:458%.17)
T 5 939 OATA 1432,10.8435875,%-19%, 347>
c: 98) OATA 272
2tk ) DATA 3%
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